This documents provides additional data and information for the paper titled 'Real time observation of binder jetting printing process using high-speed X-ray imaging'.
. Size dependence for porosity in packing of fine particles 1 For poly-disperse particle distribution, the porosity values were observed to be slightly lower than that for mono-disperse distributions. However, the difference between the porosities was small (≈ 10%) 2, 3 . Hence, in subsequent discussion, the particle size distributions are assumed to be mono-disperse with particle size represented by the average particle diameter (d 50 )
Crater dimensions and interaction depth measurements
From previous studies, impact of fluid droplet on granular beds were observed to result in crater geometries [4] [5] [6] . The radius of the crater was observed to follow equation 2 4 .
where R l was the radius of the droplet, ρ bulk was the bulk density of the powder bed, ρ binder was the density of the binder, and We was the Weber number. The ratio of the crater depth to crater diameter was observed to be around 0.2 for loosely packed granular beds 7, 8 . Considering the radius of the droplet to be the radius of the head (R l = 18 µm) and density of stainless steel and silicon carbide equal to 8000 kg/m 3 and 3210 kg/m 3 respectively, the crater depths are calculated and plotted in Figure 2 .
Figure 2
The interaction depth values for large spherical, free flowing particles were close to the analytical crater depths; while those for smaller particles with poor flowability were significantly different from the analytical crater depths. Hence, impact cratering may be the primary source of the disturbance in the powder bed for larger, free flowing particles. A large depletion zone was also observed for large, free flowing particles in wake of the binder, which further indicates that impact cratering is the major contribution to interaction depth.
Droplet penetration time and agglomeration behavior model
For binder droplet impacting loosely packed powder bed, the penetration time for the droplet is given by 9 :
where V 0 is the initial droplet volume, µ the liquid viscosity, σ the surface tension, θ the contact angle, ε e f f the effective powder bed porosity, and R e f f the effective pore radius. Using the Kozeny equation, the effective pore radius is given by 10 :
where D p is the particle diameter. The dependence of the penetration time for a given particle-binder material pair on the particle size based on the fitted porosity values is plotted in Figure 3 . Figure 3 . The penetration time for a given droplet increases with decreasing particle size thus changing the agglomeration behavior from drop controlled to dispersion controlled agglomeration
The penetration time is expected to increase as the particle size is decreased. For a given particle-binder material system with constant binder deposition rates, the agglomeration behavior was observed to change from drop controlled agglomeration (each droplet forming one agglomerate) to mechanical dispersion controlled agglomeration (droplet coalescing on the powder surface causing larger agglomerates) as the penetration time increased. From the experiments, for particle diameters smaller than 10 µm, multiple binder droplets were observed to coalesce to form larger agglomerates thus showing dispersion controlled agglomeration, which matches the predicted agglomeration behavior.
